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1. Introduction and Background

In RAN4#28 Ericsson and Vodafone Group presented [1] in which a proposal to improve downlink power control requirements was addressed. It was pointed out in that reference that the current specification [2] lacked Outer Loop Power Control (OLPC) tests for low and high BLER values and that due to poor coverage of this downlink power control tests some operators had also seen problems in their live networks [3][4].
The present document highlights the fact that since then only new test cases (for low and high BLER values) have been added to the specification [2] for the case of the OLPC in steady state (Constant BLER target test case in section 8.8.1 in [2]) but there is still a lack (only medium BLER Target services are considered) in the other two power control tests which correspond to a non-steady state situation: initial convergence (section 8.8.2 in [2]) and wind-up effects (section 8.8.3 in [2]).
Field measurements in commercial UE´s presented by one operator in [4] and others presented by Top optimized Technologies in [5] show that their OLPC performance in variable fading environments, i.e., in a non-steady state situation, is very poor due to its low convergence speed precisely for low BLER target services. A second operator supported the results in [5] (see RAN4#34 meeting minutes in [6])  and confirmed that real life operation showed that the problem had actually arisen in the low BLER-target service (video conference).
Downlink system level simulation results shown in this document confirm the overall impact of the already commented low convergence speed of the OLPC, in terms of call dropping and reduced cell capacity due to increased interference.
Thus, it seems paradoxical that new test cases have been added for the OLPC in steady-state but not for the non-steady state situation which is the one in which the OLPC is performing very poorly in live networks [3][4][5][6] and jeopardizing the W-CDMA technology.
One reason to explain the previous paradox is the generally admitted [8][9][10] inherent low convergence speed in a non-steady state, specially for low BLER target services, of the most widely used OLPC algorithm in current commercial UE´s: the BLER-based. Therefore, this undesirable feature of the BLER-based OLPC makes it inappropriate to perform in non-steady state test cases for low BLER-target services.
A low OLPC convergence speed can have negative consequences like: blocking and dropping of calls and reduced cell capacity due to increased interference. In the case of Low BLER Target services, as the real time video service, a proper OLPC convergence speed is even more critical since they are gaining popularity among consumers and thus becoming an important source of revenue for operators, network manufacturers and UE vendors. With these thoughts in mind, new test cases, as well as modifications to the existing ones, related to the convergence speed of the BLER-based OLPC for Low BLER Target services, are proposed in this document.
It is proposed in this document to open a Study or Work Item to address the need for improving the current OLPC performance in commercial UE´s adding the adequate downlink power control test cases.
The document structure is as follows: section 2 presents the current status of Downlink Power Control Test Cases; in section 3 the limitations of the BLER-based OLPC in the non-steady state are outlined; the BLER-based OLPC behaviour during the initial convergence is shown in section 4; section 5 presents the behaviour during wind up; the need for convergence downlink OLPC test cases is justified in section 6; section 7 presents the system level impact of the low convergence speed of the BLER-based OLPC; the perception of the poor OLPC performance in live network constitutes section 8; the conclusions are outlined in section 9; Annex A details the simulation model and Annex B presents the system level simulations for multipath Case 4. 
2. Current status of Downlink Power Control Test Cases

Downlink power control requirements are specified in clause 8.8 in TS 25.101 [2], they are summarized in table 1.

Table.1. Downlink power control tests in 25.101

	Section
	Power Control Tests
	Purpose
	Low BLER

(0.1% or 0.25%)
	Medium BLER (1%)
	High BLER (10%)

	8.8.1
	Power control: constant BLER


	DPCH Ec/Ior and BLER (DTCH) convergence in steady state
	YES
	YES
	YES

	8.8.2
	Power control, initial convergence
	DPCH Ec/Ior convergence during first 1 sec. (non-steady state)
	NO
	YES


	YES

	8.8.3
	Power control, wind up effects
	To ensure SIR target does not increase or decrease indefinitely (non-steady state †)

	NO
	YES
	NO


†: the wind up effects test case in clause 8.8.3 is to ensure that the SIR Target does not increase indefinitely, i.e., to ensure that the UE has a proper anti-wind up algorithm. However, the wind-up is in essence a typical non-steady state situation as it is the initial convergence. This is shown in section 5 of this document.
From the data in table 1 it can be derived that the current specification [2] lacks OLPC test cases in the non-steady state for low BLER-target services.

3. Limitations of the BLER-based OLPC in the non-steady state 

Note: although Outer Loop Power Control (OLPC) is not a part of the specification, the field measurements performed by Top optimized Technologies in commercial UE´s [5] showed that all of them seem to make use of the BLER-based OLPC.

The BLER-based OLPC increases the SIR Target by a given up step and decreases it by a given down step depending on the result of a CRC check [8]. One of the  key features of this OLPC algorithm is that it is designed to satisfy a given BLER Target in steady state and this is achieved by forcing the ratio between the down step and up step to be of the order of the mentioned BLER Target [8] (e.g. 
[image: image1.wmf]Step

Down

Step

Up

_

999

_

×

=

 for a Target BLER of 0.1%). This in practice implies that the down step is very small compared to the up step and thus it makes this algorithm very asymmetric. This asymmetry is ideal for the algorithm to perform in steady state and this is why this algorithm is suitable for the constant BLER target test case 8.8.1 in TS 25.101 [2]
Figure 1 shows the typical BLER-based OLPC SIR Target temporal evolution in the steady state. 
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Figure 1. BLER-based OLPC: SIR Target temporal evolution in steady state
However, the mentioned asymmetry makes the algorithm to react much faster to unfavourable changes in the propagation conditions (the SIR Target is increased by big up steps) than when there is a favourable change in which the SIR Target is decreased very slowly by small down steps and then introducing unnecessary interference in the system and reducing cell capacity (see system level impact of the problem in Section 7 of this document), i.e., the algorithm does not perform correctly in the non-steady state. The previous problematic is already commented in [8] which is the most referenced when talking about the BLER-based OLPC, this paper by Sampath concludes: “(…) however, too small step sizes may result in sluggish convergence to the system steady state at start-up or when conditions change. Further work is required to study the tradeoff between convergence and excess power used in the choice of step sizes”. Thus, it is admitted in the mentioned paper that the algorithm therein described has limitations precisely in the non-steady state.

These limitations are also confirmed in the well known reference [9] (Holma, Toskala) which states that: “(…) If the received quality is estimated based on BLER measurements, the adjustment of the SIR target is very slow and the convergence speed of the SIR target to the optimal value takes a long time. Therefore for high quality services the soft frame reliability information has advantages” . (note that the higher the quality of the service, i.e., the lower the BLER Target the smaller will be the down step and then the slower will be the convergence speed of the BLER-based algorithm).

See Figure 1 bis in which the correlation between the BLER Target and the convergence speed of the BLER-based OLPC algorithm is shown.
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Figure 1 bis. BLER-based OLPC: Correlation between BLER Target and convergence speed
The slow BLER-based OLPC convergence speed to the steady state is shown in Figure 2 of this document which is confirmed in Figure 3 (Figure 1 in [5]) which presents the SIR Target set by a commercial UE called here UE 1 for a video call (BLER Target 
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).  The scenario of the measurement consists of an abrupt favorable change in link conditions at 11:00 minutes. It can be seen that it takes more than one minute (from 11:00 to 12:04) to get to the new range of SIR target value adapted to the new conditions (around 4 dB). 

Thus, it is proved from the scientific literature and from field measurements that the most widely used OLPC algorithm by the UE vendors has a very poor performance in the non-steady state for low BLER Target services and paradoxically the current specification lacks OLPC test cases in the non-steady state precisely for this high quality services (see Table 1 in section 2 of this document). Sections that follow (4 and 5) give a detailed explanation of the OLPC behavior during initial convergence and wind up.
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Figure 2. BLER-based OLPC: SIR Target temporal evolution in favourable change of the radio condition (non-steady state)
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Figure 3. SIR Target temporal evolution (Low BLER Target service) in commercial UE 1
4. BLER-based OLPC behavior for low BLER-target services during the initial convergence (non-steady state)
During the initial convergence period the initial value of the SIR Target is typically high (to ensure reliable communication) and since, as shown in section 3 of this document, the down step is small, it typically takes the OLPC a prolonged period of time to adjust the SIR target to the final value needed to achieve the target BLER. Thus during this period of time prior to convergence of the outer loop, excessive transmit power is used and downlink capacity is wasted (see system level impact of the problem in Section 7 of this document).

The previous problematic is exacerbated if the Target BLER has a small value and therefore the down step is correspondingly small.
Figure 4 shows the temporal evolution of the SIR Target during the initial convergence.
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Figure 4. BLER-based OLPC: SIR Target temporal evolution in initial convergence (non-steady state)
5. The BLER-based OLPC behavior for low BLER-Target services during the wind up effect (non-steady state)
The wind up situation in the downlink appears when the Node-B hits its maximum power. For the explanation that follows we will focus on the former. If the Node-B hits its maximum power it is because there is a huge unfavorable change in the propagation conditions or because the mobile is reaching a high attenuation area, for the explanation that follows we will focus on the former: in that case the BLER can be higher than desired, thus the OLPC algorithm will increase the SIR Target but totally in vane because the Node-B cannot respond to that power demand and in fact the received SIR in the mobile will be well below the SIR Target. Without a proper anti-wind up algorithm the OLPC would continue to increase the SIR Target indefinitely. The principle behind most part of the anti-wind up algorithms is to check that the difference between the SIR Target and the received SIR is bigger than a given detection margin (usually 3dB) and then the SIR Target is not increased anymore. When later the node B is able to reach the SIR target (that was blocked during wind-up) the wind up ends. The BLER at the UE starts to decrease and the same happens to the SIR Target. The anti-wind up has reduced the increase of the SIR Target during the wind up, but it is still higher than needed. This is precisely the worst situation for the BLER-based OLPC which due to its very small down step will take a long time to converge to the steady state. Note that this convergence will be smaller as smaller is the service BLER objective. This decrease process of the SIR Target after the wind up condition is usually called unwinding.
Figure 5 shows the temporal evolution of the SIR Target during the wind-up and confirms the non-steady state nature of the wind up situation and the very low convergence speed during the unwinding process.
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Figure 5. BLER-based OLPC: SIR Target temporal evolution during wind-up (non-steady state)
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Figure 6: Downlink SIR Target temporal evolution (Low BLER Target service) during wind-up in a commercial UE (source NTT DoCoMo)

Figure 6 corresponds to the field measurements reported by NTT DoCoMo in their commercial network [4] that confirm the slow unwinding process already shown in Figure 5. The slow OLPC convergence speed during the unwinding can be observed from the low slope of the curve within the red circle, in fact it takes about twenty seconds for the received SIR to settle down (note the correspondence between Points 1 and 2 in graphs 5 and 6). 

Note: in Figure 6 it can be observed that between points 2 and 3, it takes approximately seven minutes for the Node-B to start the unwinding process (it should start at point 2), this undesirable situation probably happens due to a very poor anti wind-up algorithm in the tested UE. Although this can be corrected by proper anti wind-up algorithms, this has nothing to do with the OLPC convergence speed during the mentioned unwinding,  which affects the slope of the SIR Target evolution once the anti wind-up has ceased to operate.

To summarize: even if there is a proper anti-wind up algorithm in the UE, during the wind up condition and with a BLER-based OLPC there is an unnecessary SIR Target increase (of the order of 3dB) which implies a very slow decrease during the later unwinding process. This undesirable situation that unnecessarily increases the interference in the system and considerably reduces cell capacity (see system level impact of the problem in Section 7 of this document) is even worse in the case of low BLER Target services.
6. Need for convergence Downlink Outer Loop Power Control Test Cases

The OLPC performance in the non-steady state is determined by its convergence speed to the steady state, taking into account sections 3, 4 and 5 of this document it is proposed in this section to extend the existing test cases in [2] for the OLPC in the non-steady state for the case of low BLER-Target services. It is proposed as well to include a new test, again for low BLER-Target services, which considers a non-steady state situation not covered in the already existing ones. The system level impact of including these tests is presented in section 7 of this document.
Note: the OLPC performance in the non-steady state is determined by its convergence speed to the steady state. That is why all the extensions and the new test proposed are called: convergence tests. 

6.1. Extension of the existing Downlink OLPC Test Cases for the case of low BLER Target services
In Table 1 of this document (section 2) it is shown that there is lack in the downlink power control test cases regarding initial convergence and wind up effects for low BLER Target services. Sections 4, 5 and 6 of this document have shown that it is precisely for these two non-steady state situations of the OLPC and precisely for low BLER Target services where the most widely used OLPC by UE vendors (see field measurements in [4] and [5]) offers a very poor performance introducing unnecessary interference in the system and reducing cell capacity. Thus it is proposed in this document to open a study or work item, one of the activities would be to address the need for extending the already existing test cases in clause 8.8.2 (initial convergence) and 8.8.3 (wind-up effects) for the case of low BLER Target services (0.1% or 0.25%). 

6.2. New convergence OLPC Test Case

Although the OLPC convergence speed is already tested in situations like the initial convergence and the wind up, it is proposed in this document to include a new test that checks the performance of the OLPC when there is a change in the propagation conditions and for low BLER Target services. The reason for this test is again the very poor performance shown in commercial UE´s precisely under these circumstances and the huge system level impact in terms of capacity reduction that this problematic can create.
7. System level impact of the low convergence speed of the BLER-based OLPC
The unnecessary interference created in the system by the slow convergence speed of the OLPC algorithm in current commercial UE´s (the BLER-based) reduces the system capacity to totally unacceptable levels. This is the conclusion from the outcome of the system level simulation explained that follows.
7.1 System level simulation model

Simulations have been carried out in order to evaluate the system-level impact of the outer loop for the downlink. The simulations follow a similar approach to that in [11]. The simulation models user movement and traffic generation (call arrivals, call terminations and handovers) in an urban, Manhattan-like environment. For each active user, inner- and outer-loop power control are executed, and results are collected for subsequent analysis.

The restriction in the active set size applied in [11] has been removed. The active set is now modeled using the algorithm described in [12].
The simulation model is fully described in Annex A.

7.2 System level simulation results

Figure 7 depicts the call dropping percentage versus the average number of active users in the simulation. Results are given for an outer loop that passed OLPC convergence test cases and for another (BLER based) that has not passed OLPC convergence test cases.
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Figure 7. Call dropping vs number of users.
The shape of the graphs for both OLPC are similar, the difference is that with convergence test cases,  the number of dropped calls starts rising with 30% more users than without convergence test cases. Numerical values are given in Table 2.
	
	1% Call dropping 


	2% Call dropping
	10% Call dropping

	Without convergence test cases
	200 users
	225 users
	250 users

	With convergence test cases
	250 users
	300 users
	350 users

	Difference (capacity increase)
	50 users (25%)
	75 (33%)
	100 (40%)




Table 2. Number of users for different call dropping objectives.

Figure 8 depicts the BLER for all the calls versus the average number of active users for both OLPCs. BLER objective was set to 2.10-3. It can be seen that both simulations achieve similar BLER values, i.e. BLER stability is similar for both OLPC in non saturated conditions. The main difference is that saturated conditions arise with 33% more users if convergence test cases are passed. Also when the system reaches saturation conditions, the OLPC with convergence test cases gives better quality results.
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Figure 8. BLER for all the calls vs number of users.
Figure 9 shows the average power transmitted by a node-B. We can see that in all circumstances with convergence test cases the transmitted power has a lower level. This is the reason for the different capacity values seen in Figure 8: with less transmitted power, the cell capacity is increased. Note that BLER objective is maintained. Using as less power as possible is a key aspect for interference limited systems like CDMA and the main objective of power control.
Less power transmitted by Node Bs has also advantages in countries where regulators are limiting severely the power of Node Bs.
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Figure 9. Average power per Node B vs number of users.

The objective of these figures is to show that there is a lot of room for improvement in cell capacity if convergence test cases are included in the standard. A Study or Work Item will be proposed to investigate these aspects and add test cases to the specification to cover the convergence of OLPC.
In Figure 10 the SIR Target evolution in a video call for both OLPC algorithms are represented. It can be observed that the red line OLPC will not pass a convergence speed test case when there is a favorable change in the propagation conditions. In this specific call this happens at 112 seconds. This is just an example to show the importance of convergence speed in the OLPC.


[image: image11]
Figure 10. SIR Target evolution
8. The perception of a poor OLPC performance in live networks

Only if an operator has a high traffic load (which implies a representative number of customers) it will perceive capacity reduction problems related to an excessive interference in the system. And even in that situation of high traffic demand it would be difficult for an operator to associate those capacity problems to a bad OLPC design.

This is why only three operators, with already a representative number of customers, have expressed themselves on the issues related to the poor performance of the OLPC in commercial UE´s (see [3],[4] and [6]) and even those three are unable to assure that the OLPC limitation under variable fading environments is, for example, the reason for an excessive downlink load factor. 

There are ways to reach the conclusion that a poor OLPC convergence speed is the cause of an excessive interference in the system, some of them have already been studied: investigate which kind of OLPC algorithm is being used by current commercial UE´s and then perform system level simulations which consider precisely that OLPC algorithm found in the UE´s. And the conclusion from these two actions is that actually the poor convergence speed of the OLPC can be the origin of an excessive downlink load factor. 

However other mechanisms should be studied in detail to investigate the relationship between these capacity problems and the OLPC. This problem, that is one of the proposals for the Study or Work Item, could jeopardize the W-CDMA technology.

9. Conclusions

The most widely used OLPC algorithm by current commercial UE´s, the BLER-based (see field measurements in [5]), was designed to converge to the BLER Target in steady state [8] and the current test cases in the specifications [2] already check that this algorithm performs fine in the mentioned state. 
Unfortunately a mobile environment is far from being in steady state and by design the BLER-based OLPC cannot converge correclty in the non-steady state due to its very slow way of decreasing the SIR Target. This makes the mentioned OLPC unable to quickly react to favourable changes in the radio conditions. This slow convergence feature is exacerbated in the case of high quality services (low BLER Target services) which are critical since they are gaining popularity among consumers and thus becoming an important source of revenue for operators, network manufacturers and UE vendors.

Taking into account the previous two paragraphs it results paradoxical that precisely the low BLER Target services have been excluded from the already existing OLPC test in the non-steady state (initial convergence and wind up effects) and that there is no test case for the OLPC convergence in the non-steady state itself. 
System level simulations shown in this document confirm that this slow OLPC convergence for low BLER Target services can reduce the system capacity to totally unacceptable levels and some operators [4][6], with enough traffic load, have already expressed that the problem has actually arisen precisely in the videoconference service (low BLER Target). 

Top optimized Technologies (ToT) is not the only company aware of the huge damage that BLER-based OLPC designs can make to the W-CDMA technology, many other 3GPP members have patents which ultimate goal is to increase the convergence speed of this OLPC algorithm [13]. The following statements have been extracted from some of these patents:

· Patent A: “There is therefore a need in the art for techniques to reduce the amount of time needed to adjust the SIR Target to the final value”
· Patent B: “The setpoint adjustment scheme described above results in a sawtooth response for the setpoint. (…) As can be seen, techniques that can be used to effectively adjust the setpoint of a power control loop, which may reduce transmit power consumption and interference and further increase system capacity, are highly desirable”
· Patent C: “However, as described above, when the Target BLER is small, because it takes time for the target SIR to return to the SIR actually needed, excessive base station transmission power is transmitted to the terminal station over an extended period”
· Patent D: “Since the OLPC depends on the CRC check, it often takes a long time to converge to the required target SIR for the low BLER. (…) Accordingly, there is a need for OLPC which determines the actual channel conditions so that a proper value for the target SIR is used”
· Patent E: “Consequently the conventional transmission power control involves the wasteful consumption of the transmission power and the unnecessary increase of the amount of interference with the other channels which in turn causes the unnecessary lowering of the subscriber capacity”

It is proposed to open an Study or Work Item to address the need for alternative OLPC designs and the need for new test cases which assure that UE´s performance is not jeopardizing the W-CDMA technology. 
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Annex A: Detailed description of the simulation model

The simulation model is now described in detail.
· An urban microcellular system in a Manhattan-like environment is considered as described in [14]. It has been noted in the referred document that the node-B distribution is "not a very intelligent network planning". In order to obtain a more realistic distribution, the node-B separation has been increased and the number of node-B's has been reduced to 24, as shown in figure 11. Wrap-around is applied.

· The propagation model, antenna gains, cable losses and minimum coupling loss are as given in [14]. UE noise power is -103 dBm in a 4 MHz bandwidth [14].

· Shadow fading has a standard deviation of 10 dB [14]. Spatial correlation is modelled by an exponential function of distance [15] with a correlation distance of 10 m.
· An orthogonality factor of 0.5 has been considered.
· The multipath channel is as given in [2], case 1 and 4. Three different speeds are considered, namely 3, 20 and 50 km/h, with classical Doppler spectrum. In order to model LOS and NLOS scenarios, Rice factors of 6 dB and -10 dB are considered in either case respectively.
· Users move in a random way based on the model given in [16] for dynamic simulations in an urban environment. Users move in straight lines towards the next street junction, where a direction change takes place with probability 0.5. In addition, a speed change may independently occur with the same probability. User movement is not restricted to the middle of the streets.

· Call arrivals constitute a Poisson process. The unencumbered call duration is an exponential random variable with mean 120 s, as in [16].

· A call drop occurs whenever the measured BLER reaches 10% in a 3-s window.

· Video-call service is considered in the simulation, with the parameters corresponding to the “DL reference channel (64 kbps)” defined in [2], clause A.3.2: 64 kb/s source rate (DTCH), 240 kb/s channel rate (DPCH), 20 ms blocks (DTCH), power offsets PO1, PO2 and PO3 0 dB. The target BLER (DTCH) is 0.2%, and the period of the outer loop algorithm is 20 ms, i.e. once per CRC.

· The maximum transmit power of the node B is 34 dBm.
· The soft handover algorithm described in [12] is applied, with the following parameters: AS_Th = 3 dB; AS_Th_Hyst = 1 dB; AS_Rep_Hyst = 1 dB; T = 0.5 s, AS_Max_Size = 2.
· The inner-loop power control uses algorithm 1 with 1 dB step. Power control commands are received with 3% error rate.

· SIR estimation error is modelled as a Gaussian random variable with 0 mean and 0.5 dB standard deviation.
· The BLER-based outer-loop power control uses 1 dB up step, and down step according to the target BLER.

· Wind-up is detected when the measured SIR, averaged in a 0.1-s time window, is lower than the target SIR by 3 dB or more.

· The initial target SIR is -25 dB in all cases. This value is lower than the minimum required SIR, and has been selected in order to facilitate initial convergence. The call drop condition is not monitored within the first 3 s of duration, also to allow initial convergence.

· An anti- power drift algorithm is applied based on [12] with r_dp = 0.96.
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Figure 11. Node-B distribution.

Annex B. Multipath Case 4.

To have a more clear idea of the impact of the multipath model, we have included the same simulations shown in section 7 but using the multipath channel is as given in [2], case 4. The propagation conditions changes are significantly reduced. It can be appreciated that the capacity difference between both OLPC is slightly reduced. The reason is that with less propagation conditions changes, the effect of the convergence test cases is reduced.

In any case it can be clearly appreciated a very significant capacity increase when OLPC convergence test cases are passed.

As a conclusion we can see that we are not considering a marginal effect that only impacts the performance of the system in some special circumstances, in fact it is a general situation in a WCDMA communication. The standard should be improved to avoid slow convergence speed of the OLPC.
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Figure 12. Call dropping vs number of users.

	
	1% Call dropping 


	2% Call dropping
	10% Call dropping

	Without convergence test cases
	255 users
	270 users
	300 users

	With convergence test cases
	300 users
	325 users
	420 users

	Difference (capacity increase)
	45 users (17.5%)
	55 (20%)
	120 (40%)




Table 3. Number of users for different call dropping objectives.
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Figure 13. BLER for all the calls vs number of users.
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Figure 14. Average power per Node B vs number of users.
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